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Prior to 1968, direct computer-to- 
computer interaction was a thing of the 
future. Time-sharing systems permitted a 
number of different users to take advan- 
tage of the resources of a single large 
computer, but they limited the user to 
the capabilities of that system. Resource- 
sharing among computers was then 
simply the physical transferring, or copy- 
ing, of data and/or programs from one 
machine to another, with restrictions of 
language standards and identical hardware 
systems hampering users. 
An awareness of the need for 
computer-to-computer diatogue was felt 
by ARPA (the Advanced Research 
Projects Agency) in 1968 because a mul- 
titude of dissimilar computers at many 
AR PA-sponsored research centers across 
the country needed to access programs 
and data at other ARPA centers. Thus, 
development of an efficient, error-free, 
and cost-effective computer-to-computer 
communications system was finally about 
to begin. Such a system would give users 
direct access to computers at other sites, 
would permit remote access to specialized 
hardware and software resources, and 
would allow and encourage joint problem 
solving and direct retrieval from remote 
data bases. 
Intent on a solution to these digital 
communications problems, ARPA 
selected Bolt Beranek and Newman Inc. 
(BBN) to develop a responsive, reliable, 
and economic digital communications 
system. 
Bolt Beranek and Newman Inc., a 
problem-solving company devoted to 
consulting, research, and development in 
the areas of science and technology, was 
formed in lg48. Today, BBN and its 
subsidiaries employ approximately 650 
people and provide professional services 
from their headquarters in Cambridge, 
Massachusetts, six regional offices in the 
United States and an affiliate in Munich, 
Germany. 
The 
Problem-Solvers 
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One of tte most siqnificant features 
The 
ARPA 
Ne[work 
The ARPA-specified crilera for te 
network included the use of a distributed 
store-and-forward, packet-switching com- 
mLmcatiols syslem that would respone 
to the characteristm needs of compute 
communications. 
A packet-switching system was chosen 
lot the ARPANET over a moe con,Jr% 
tional circuit-switcaing system !or a 
number of reasons. For one ting, pacKe 
switching provides shnuitaneous s:-ar.ng 
oi a wue by many users. Also, "connect" 
time is shorter providing gater respon- 
siveness; conflicts are resolved dynami- 
cally within the system by means of 
variable delays; and a cyclic check sum, 
by sensing errors and causing retraasfer of 
a packet if errors occur, has tade the 
ARPANET virtually error-free (estimated 
less titan 1 bit in error per 10 t: bits 
sent). Also, in the ARPANET, the path a 
message follows is not determined in 
advance, as is the case with conventional 
circuit switching. The system provides 
selection of the best path dynamica!;y as 
the message is transmitted. 
Bolt Beranek and Newman Inc. {BBN) 
made real the AR PA-specified concepts 
of distributed computing and direcz 
computer-to-computer communications 
with the development of the ARPANET. 
Now, hardware sharing, serrate sharing, 
data base sharing, and an advanced, reliable, 
and responsive communications system will 
be available thanks to the team effort of 
ARPA, Honeywell and BBN scientists. 
BBN designed the network hardware and 
software, tested, shipped, and installed 
the systems, and currently manages the 
network operations. 
At the hea of the neork is a subnet 
of Honeywell mini-computers. The job of 
these small computers, cal I ritetrace 
Message Processors (I MPs}, is twofold. 
First, they provide the interface(s) into 
the network for the large re,arch com- 
puter(s), hos, at each n or computer 
site in the neork. And cond, they 
handle all the communications functions 
of the system-routing, buffering, 
sequencing, synchronization, error con- 
trol, acknowledging, congestion preven- 
tion, etc. 
The initial computer lected to serve 
as the IMP throughout the ARPANET 
was the Honeywell 516. BBN chose the 
Model 516 because of its ft cycle time, 
powerful instruction set, oven I/O 
capability, and high performance record. 
It is housed in a single, rugged,zeal cabinet 
which includes the 12K memory, 16 I/O 
channels, and the BBN-diBned modular 
interfaces for connecting e IMP to tele- 
phone line modems and host computers. 
Maintenance service is provided by 
the IMPs is that ti]ey operate indepen- 
dently of the hosts. Thin autonomy is 
extremely hq)o1'tant in the ARPANET 
because al II] 5- must COnfugue to tune- 
ton in its role in tile store-anddorward 
communications System, even when its 
nest computer is noperatwe. mhe;efoe, 
:']e system s constl'ct0d so that the 
IMP do not depenc on tile hosts fo 
othc logical assistance. Likewine, 
operate ndepcndently of, although 
cooporatively with, each other. 
A notable example_9_f 
between [Ps occurs when a profiram. 
reload is required. if an iMP's operati 
pr_._ogram is found (throug a built-in 
timing device) to be destroyed, the IMP 
sends a request for a program reload to .a 
neighboring IMP via one of the 50KB 
lines through which the IMPs commgLoJ: 
ca,te The respondin.cj/[P then sends back 
a copy of its own program. 
Standardization of the IMP operating 
programs is one of the most important 
features that BBN incorporated into this 
system. It is this unifor__miy that pe_r_its_ 
program reloading from any neighboring 
I M...P provides for ease in maintenance, 
and simplifies debugging and program 
revision. 
Program 
Reliability/ 
Recovery 
.H. oneywell on all IMP processors installed 
in the field 
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Nhas also deveic 
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BBN began work on the design and 
development of the ARPANET in Janu- 
ary, 1969; the early expermental phase 
of the system was undertaken in i 970. 
Now, just three years later, 
ARPANET has grown to include over 29 
sites across the United States. With a 
growth rate of about one IMP or TIP per 
month and constantly Hcreasing use, 
BBN projects a total of 34 iMPs and TIPs 
in operation by the end of 1972. In addi- 
tion, two SiMPs, or satellite IMPs, are 
scheduled to be installed in Hawaii and 
California by December of 1972. Success- 
fu[ operation of the SiMPs using the 
INTELSATT satellite for communica- 
tions will open up a new kind of world- 
wide digital communications. Clearly, 
the ARPANET represents one of the most 
sgnificant and valuable advances in com- 
puter and communications technology. 
Virtually unlimited applications are 
offered by this powerful new communi- 
cations capability that will certainly 
provide the computer industry and its 
users with a strong impetus for new 
growth. 
Today many users of digital com- 
munications have installed excess facili- 
ties and lines to improve reliability; 
operated terminal facilities at speeds less 
than they were capable of; designed and 
installed costly error detection and cor- 
rection equipment; and installed costly 
line equalizers, modems, concentrators, 
and multiplexers to improve system 
throughput. In general, industry has 
"force-fitted" inherently more flexible 
computer applications to currently 
available communications. 
The packet-switching technology 
represented by the ARPANET offers a 
complete digital communication approach 
which provides more flexible service, 
lower costs, and increases performance 
over conventional approaches. 
If you operate a data communica- 
tions system, it could well be a profitable 
step for you and your company to con- 
sider this new technology. The BBN/ 
Honeywell team can help, 
The AR PANET 
Today 
And Tomorrow 
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